Introduction
============

There is an increasing incidence of hip fractures, and new epidemiological data have shown that the number of patients could reach up to 6.3 million per year in 2050.^\[[@R1]\]^ Intertrochanteric fracture (ITF) accounts for half of hip fractures, and the preferred treatment is internal fixation and early mobilization.^\[[@R2],[@R3]\]^ With the development of therapy methods, the rate of failure is decreasing, but numbers are still growing, especially for unstable fractures. Failure can result in great damage to an elderly person\'s health and is sometimes deadly. Therefore, it is extremely urgent for us to identify the risk factors of failure pre-operatively and avoid them as much as possible.

Previous study has reported the parameters that suggest instability and failure of fixation, such as

1.  loss of posteromedial support,

2.  severe comminution at the greater trochanter leading to difficulty in passing an intramedullary nail,

3.  subtrochanteric extension of fracture,

4.  reverse oblique fracture pattern,

5.  burst lateral wall,

6.  posterior wall fracture/coronal split,

7.  extension into the femoral neck area/piriformis fossa, and

8.  poor bone quality.^\[[@R4]\]^

Though the loss of posteromedial support, including the lesser trochanter (LT), has been widely considered as one of the factors of instability, most surgeons do not fix the fragment in clinical practice due to technical restrictions and the price of reduction.^\[[@R5],[@R6]\]^ In the early stages, Evans^\[[@R7]\]^ identified the key function of the posteromedial cortical continuity and stressed the importance of the bone-to-bone buttress in the inner side of ITF treatment. Recently, increasing numbers of researchers have paid attention to the role of the posteromedial support. Futamura *et al*^\[[@R8]\]^ suggested that even though reduction of the medial displacement was technically difficult, special attention should be paid to it. Apel *et al*^\[[@R9]\]^ conducted a biomechanical experiment and suggested that the size of the posteromedial fragment was important in fracture stability and considered the posteromedial cortex as the keystone of the stability. A recent biomechanical study also suggested that the increasing comminution of the LT could cause instability in A2 ITF.^\[[@R10]\]^ A biomechanical assessment by Zhang *et al*^\[[@R11]\]^ revealed that the medial buttress could make a difference in the stability of ITF. The surgical treatments for ITF include intramedullary and extramedullary fixation. Previous studies have stated that in unstable ITFs, an intramedullary implant was better than an extramedullay one.^\[[@R12],[@R13]\]^ In their biomechanical experiment, Marmor *et al*^\[[@R10]\]^ determined that when a medial defect existed, an extramedullary implant was more vulnerable than an intramedullary one. Even though surgeons are beginning to be aware of the importance of the posteromedial cortex, there is still no consensus on whether the fragment should be fixed or not, let alone a standardized repair procedure.

The purpose of this study was to retrospectively analyze the cases of AO31-A2 ITFs in our hospital and to identify whether the loss of posteromedial support would add to the risk of fixation failure.

Materials and methods
=====================

Patient data
------------

This study was a retrospective analysis, and approval was obtained from the Institutional Ethics Committee of the Peking University Third Hospital. All the patients were selected from the database of the ITF patients treated in our hospital from January 2003 to December 2017. The inclusion and exclusion criteria were as follows.

Inclusion criteria: (1) AO31-A2 ITFs; (2) fresh closed fractures underwent close reduction and internal fixation; (3) American Society of Anesthesiologists (ASA) score not more than 3; (4) regular radiological review until bone union unless failure; and (5) a minimum of 1 year of follow-up unless failure. Exclusion criteria: (1) open fracture; (2) multiple injuries to the same leg; (3) pathological fracture; (4) patients with subtrochanteric fracture; (5) ASA score more than 3; (6) walking disability before injury; (7) fracture of AO31-A1 and A3; (8) bilateral ITF; (9) opposite ITF during follow-up; and (10) patients without complete follow-up statistics.

Overall, 394 patients were enrolled into the study. They were allocated into two groups: those with (Group A, *n* = 153) or without (Group B, *n* = 241) posteromedial support in the inner side post-operation \[Figure [1](#F1){ref-type="fig"}\]. All the patients were treated with closed reduction and internal fixation (intramedullary or extramedullary) by experienced orthopedic trauma surgeons. The loss of posteromedial support was defined according to the post-operative radiograph, and those with a bone-to-bone defect in the inner side met our criterion. The following features suggested the existence of posteromedial support: (1) avulsion fractures of the LT; (2) insert fracture of the two fracture sites; and (3) wire binding of the LT fragment during operation \[Figure [2](#F2){ref-type="fig"}\].

![Flow diagram showing the study methodology. ITF: Intertrochanteric fracture.](cm9-133-041-g001){#F1}

![Images showing the loss support of the posteromedial cortex (A, red circle) and the existence of posteromedial support: avulsion fracture of LT (B~1~, the blue arrow), insert fracture of the inner side (B~2~, black arrow) and the wire binding of the LT (B~3~). LT: Lesser trochanter.](cm9-133-041-g002){#F2}

The primary outcome we focused on was the radiological failure post-operatively, which was defined as: (1) varus deformity (judged by the neck-shaft angle variation); (2) cut-out and movement of the lag screw, Z-effect; (3) breakage of the plate, screw and even the nail; (4) periprosthetic fracture; and (5) malunion, delayed union and nonunion \[Figure [3](#F3){ref-type="fig"}\]. All the above results were identified in the anteroposterior radiological film during the follow-up review. Other clinical characteristics were recorded, including the age, gender, mechanism of injury, fixation method (intramedullary or extramedullary), ASA score, the side of the affected limb, time from injury to operation, blood loss, operative time and the length of stay. A successful outcome was defined as a fracture with normal union without any discomfort symptoms; those with radiologically abnormal features but free from any clinical discomfort symptoms were considered as failure cases. Based on the final outcomes (failed or not), we allocated all of the patients into two groups: failed (Group C, *n* = 66) and normal (Group D, *n* = 328). We separately analyzed each dataset to identify the factors that exhibited statistically significant differences between the groups and then performed a logistic regression to identify the significant factors for implant failure.

![Features of fixation failure. A. varus deformity; B. cut-out; C. cut through to the hip joint; D. breakage of the screw; E. breakage of the plate; F. breakage of the nail; G. Z-effect; H. periprosthetic fracture; I. non-union; J. mal-union.](cm9-133-041-g003){#F3}

Operative protocol
------------------

All of the cases were included in pre-operative discussions by more than four experienced orthopedic trauma surgeons for surgical procedures. The operations were conducted by skilled surgeons under the condition of general anesthesia and fluoroscopy control on a radiolucent fracture table. After satisfying anesthetized and closed reduction to anatomical position, the implants were precisely inserted under the control of radiological imaging. There were no intraoperative complications.

Statistical analysis
--------------------

We used Shapiro-Wilk test to test the normality of the continuous data, if the data obey to normal distribution, a student\'s *t* test was used to analyze. The Mann-Whitney *U* test was performed to test the non-normal distribution data. The Chi-square test was used to analyze the ranked data. All of the factors with significant differences or the risk factors were analyzed by logistic regression, and *P* \< 0.05 was considered statistically significant. All of the analysis procedures were performed with SPSS Statistics (version 24.0; IBM Corp., Armonk, NY, USA).

Results
=======

The Shapiro-Wilk test turned out that all the continuous data were non-normal distribution; therefore, we dealt them with Mann-Whitney *U* test. The average age of these 394 patients was 76.36 years (range from 27 to 95 years), and the patients included 131 men and 263 women and 209 left and 185 right femoral ITFs. The mean follow-up period was 28.4 months. All fractures were caused by low-energy damage, and 362 patients were fixed with intramedullary implants, while the others were fixed with extramedullary implants. The number of patients evaluated as ASA scores I, II, and III were 71, 220 and 103, respectively. There were no significant differences in age, gender, affected side and ASA scores between Groups A and B (*P* \> 0.05) \[Table [1](#T1){ref-type="table"}\]. Regarding the parameters related to the operation, there were no statistically significant differences in the time from injury to operation, blood loss, operative time, length of stay and fixation method of the two groups (*P* \> 0.05). The failure rate of Group B (58, 24.07%) was significantly higher than that of Group A (8, 5.23%) (*χ*^2^ = 23.814, *P* \< 0.001) \[Table [2](#T2){ref-type="table"}\]. The most common failures were varus (28, 48.28%) and cut-out (10, 17.24%) complications.

###### 

Comparisons of the basic information of A2 intertrochanteric fracture groups (Groups A and B).

![](cm9-133-041-g004)

###### 

Comparisons of the parameters relative to the operation (Groups A and B).

![](cm9-133-041-g005)

For Groups C and D, the differences in gender, affected side, ASA score, age, length of stay and the time from injury to operation between the two groups had no significant differences (all *P* \> 0.05). The variance in blood loss was uneven, so we conducted a Mann-Whitney *U* test. The comparisons of the fixation method (*P* = 0.005), operative time (*P* = 0.001), blood loss (*P* = 0.002) and the length of stay (*P* = 0.033) showed that the differences were significant \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

###### 

Comparisons of the ranked data of Groups C and D.
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###### 

Comparisons of the continuous data of Groups C and D.

![](cm9-133-041-g007)

We included the factors with significant differences (fixation method, operative time, blood loss, the length of stay and posteromedial support or not) into a logistic regression for analysis. The results revealed that in the AO31-A2 ITFs, the loss of posteromedial support could be an independent risk factor for fixation failure, and when compared with the cases with posteromedial support, the risk of failure increased (OR = 5.986, 95% CI: 2.667--13.432) (*P* \< 0.001) \[Table [5](#T5){ref-type="table"}\].

###### 

Logistic regression of the potential risk factors.

![](cm9-133-041-g008)

Discussion
==========

As commonly known, the femoral calcar is a compact bone that connects the posteromedial cortex of the femoral neck and shaft and transmits the load to the lower extremity together with the LT. Therefore, once the calcar and the LT were broken and could not be reduced post-operatively, the cases were defined as without posteromedial support. The above results suggested that we should assess the integrity of the posteromedial cortex in the radiological film pre-operatively. If the posteromedial wall is broken, perhaps we should try to reduce the fragment and rebuild the bone-to-bone contact to reduce the possibility of implant failure.

Many previous studies have reported the same opinion as ours. Parker *et al*^\[[@R14]\]^ stated that the failure of bone-to-bone contact in the fracture site might lead to poor bone healing, which is consistent with our view that the defect of the posteromedial cortex can lead to failure. Chang *et al*^\[[@R15]\]^ suggested that rebuilding the medial cortical support was key in treating unstable ITF. Based on this perspective, Zhang *et al*^\[[@R11]\]^ placed a plate in the medial side of the ITF to serve as a buttress defending against the transmitted load and revealed that the sustained medial stability was meaningful in ITF. Han *et al*^\[[@R16]\]^ also stated that the intactness of the continuity of the posteromedial cortex was a critical factor in determining the stability of ITF. Moreover, several mechanical research studies all proved that the loss of posteromedial support could increase the load of internal fixation and reduce the maximum load of the device.^\[[@R8],[@R10],[@R11],[@R17],[@R18],[@R19]\]^

Varus deformity was the major manifestation of these failure cases. Marmor *et al*^\[[@R10]\]^ stated that the cortex of the posteromedial wall represented as the calcar region. It is commonly recognized that the femoral calcar is the compact cortical region connecting the neck and shaft of the femur and buttresses the load passed from the femoral neck. The key point of hemiarthroplasty is the reestablishment of the femoral calcar, which also proved the importance of the region. Based on the bone-to-bone connection theory mentioned above, we assumed that once the calcar region (posteromedial wall) was broken, the effect of the transmission load would compress the sites of the fracture line in the inner side to achieve a bone-to-bone attachment again, after which varus deformity occurred. The mechanical experiment conducted by Liang *et al*^\[[@R18]\]^ also proved our initial supposition; their study revealed that the highest point of the stress in the femur was the medial femoral calcar and that once the cortex was broken, the concentrated stress could lead to varus deformity. Recently, many doctors attempted to fix the LT for posteromedial support and determined that the incidence of varus deformity was decreased with LT fixation.^\[[@R11],[@R20],[@R21],[@R22],[@R23]\]^

The second most common complication was the cut-out of the screw. We discovered that the cut-out always accompanied varus deformity. Liang^\[[@R18]\]^ experiment determined that in addition to the calcar region, another high-stress area was the cancellous bone on the top of the lag screw tip. Once the calcar was broken, this area became the highest-stress one. Continual microfracture would occur due to concentrated pressure and might lead to displacement or cut-out of the screw. Previous reports also stressed that the bone-to-bone contact could reduce the tensile stresses imposed on the implant and provide the most resistance to cut-out.^\[[@R24],[@R25]\]^ Therefore, the absence of the posteromedial support in Group B promoted the potential of cut-out. Jung-Hoon *et al*^\[[@R17]\]^ also testified in their mechanical study that in a posteromedial defect model, the second most common failure of the implant was the cut-out. Therefore, perhaps we should pay more attention to avoiding accidental cut-out when we are treating ITF, especially for patients with osteoporosis.

A previous laboratory study conducted by Jacobs *et al*^\[[@R26]\]^ showed that the transmitted load was shared between implant and bone, which indicated that once the posteromedial cortex was broken, the load on the implant would increase. When the increasing load reaches the fatigued threshold of the implant, implant breakage (ie, breakage and movement of the screw, nail and plate) occurs. Marmor^\[[@R10]\]^ and Jung-Hoon *et al*^\[[@R17]\]^ both testified that as the size of the posteromedial defect increased, the maximum load causing the implant collapse decreased. Liang^\[[@R18]\]^ mechanical experiment pointed out that the highest stress area of the intramedullary implant was the inferomedial junction of the nail and screw. The inferomedial junction and the posteromedial cortex shared the transmitted load together. Under the circumstance of the posteromedial cortex defect, the pressure of the inferomedial junction and the tensile force of the outer side of the implant increased; therefore, the implant was more likely to break down. The extramedullary device serves as a tension band to transmit more force through the bone in a stable fracture. However, when the medial support disappeared, the load would be shouldered by the implant. The increasing load would accelerate the fatigue of the implant and increase the possibility of breakage. Marmor *et al*^\[[@R10]\]^ not only worked out that the loss of the medial cortex could add the risk of collapse of extramedullary fixation but also determined that when a medial defect existed, an extramedullary implant was more vulnerable than an intramedullary one. These findings were inconsistent with our result; perhaps further research is needed to classify the better fixation method.

In our analysis, the two cases of periprosthetic fractures were both in Group B and were treated with PFNA. From analyzing the design, PFNA has a medial-lateral angle of 6°, and the diameter from the angle to the distal tip is uniform, which both cause the contact of the nail with the bone from the LT to the isthmus to become nonuniform. Moreover, the distal tip of the nail is biased to the inner cortex.^\[[@R27],[@R28]\]^ These features lead to concentration of the stress in the close contact point, and this concentration makes these points more vulnerable. The loss of posteromedial support could add extra load to the implant, which would certainly increase the stress in the close contact points. In these two cases, the stress exceeded the rigidity of the bone, and periprosthetic fracture occurred.

However, our discovery was different from those of some previous studies. Laros *et al*^\[[@R29]\]^ found no significant correlation between the lesser trochanteric fragment and complications of fixation in 101 patients with intertrochanteric fractures; the difference was mainly due to the average length of follow-up in their study, which was less than a year. Liu *et al*^\[[@R6]\]^ also failed to identify the influence of the integrity of LT on the surgical outcome, probably because of the short follow-up and the small number of included cases. A recent study conducted by Sharma *et al*^\[[@R30]\]^ determined that neither fragmentation of the posteromedial fragment nor the size of the lesser trochanter fragment could be used to predict the stability in ITF; however, the mere 37 cases involved in the study made the conclusions controversial.

Our study was the first to use a logistic regression to adjust the influences of other potential risk factors and finally determined that the loss of posteromedial support was an independent risk factor. Additionally, the number of cases involved was more than previous studies. However, our study had several limitations. First, it was a retrospective study, and therefore had inherent bias. Second, few cases had a pre-operative CT scan; some cases with inner side defects might be neglected by having only an X-ray. Third, the number of cases treated with wire binding to rebuild the posteromedial support was small.

Conclusion
==========

In AO31-A2 ITFs, the loss of posteromedial support was an independent risk factor for fixation collapse. Therefore, further research is needed to determine whether we should try to reduce and fix the LT to rebuild the inner side support during the operation if the posteromedial support is broken. If necessary, a standard procedure of the LT fixation should be established.
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